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y INTRODUCTION

Although a considerable amount of research has been undertaken on the
treatment of recovery statistics from double-tagging studies (e.g., Chapman
et al. 1965; Bayliff and Mobrand 1972: Kirkwood 1981; Wetherall MS1).
little attention has been paid to questions which arise in the planning
stages 6f such experiments. Yei without careful planning experimental
results may fall short of expectations, and the investment of scarce
resources in expensive tagging operations may be for naught.

Our aim in this paper 1s to develop some guidelines for planning
experiments in which a single cohort of double~tagged fish is released
pricr tc a total recapture period which may be partitioned into a sequence
of time intervals. Specifically we wish to establish procedures for
detgrmining how many fish should be double-tagged, how long the experiment
should run, and how the recovery data should be grouped. The answers
depend on the objectives of the experiment, on the level of precision
desired and on specified or assumed conditions under which the experiment
will be conducted. We first develop thé statistical framework for making
planning decisions and then present a series of tables which assist the
experimenter in deciding how many fish to double-tag to achieve either of

two different experimental objectives.

1Wetherall, J. A. 1981. - Analysis of double-tagging experiments.
Southwest Fisheries Center Honolulu Laboratory, National Marine Fisheries
Service, NOAA, Honolulu, HI 96812. [Manuscript submitted to Fish. Bull.,
U.S., May 1981.]




While it is often recommended that fish be double-tagged simply to
increase expected recovery rates (e.g., Hynd 1969; Bayliff 1973), the chief
aim of most double-tagging experiments is to estimate rates of tag-shedding,
which are used in turn to correct estimates of mortality and other population
parameters derived from ordinary single-tagging studies. Less well known is
that double-tagging experiments may be conducted to estimate mortality rates
directly, in such a way that no corrections for tag shedding are necessary

(Wetherall, see footnote 1). Hereafter we distinguish these two purposes as

Objective I and Objective II, respectively.

STATISTICAL MODELS AND ASSUMPTIONS

In the case of both Objective I and Objective II.we will assume the
experimental cohorthis double-tagged with tags which have identical and
constant shedding probabilities, that the shedding of individual tags
occurs independently, that the burden imposed by two tags is the same as it
is with one, and that all tagged fish recaptured are recovered and
reported. We assume further that instantaneous probabilities of natural
mortality and recapture are the same for fish with only a single tag
remaining as for those fish with both tags still intact. In the case of
Objective II, we make the additional assumption that the mortality rates

are constant over the course of the experiment.

Let sy and rqj denote the number of recaptures of fish bearing one or
two tags, respectively, during the recapture period centered at time Ti'
i=1,2, ..., n. When Objective I is being pursued, we assume recapture
statistics are analyzed using the linear regression model of Bayliff and
Mobrand (1972)?




where ¥y = 1In .__._93____
Fsi + 2rgy

and (1-p) and L are the Type I and Type II shedding rates, respectively.
Since our estimate of p will invariably bte more precise than our estimate

of L, we focus our concern on the latter parameter. Specifically, our

objective will be to achieve a prescribed coefficient of variation in L;

viz.,

C£=3L_
L

Let X = {xij} denote the nx2 data matrix such that X4 = 1 for all i and
Xio = Ty, and let vV = {Vij} be the nxn covariance matrix of the residuals.

Then the asymptotic covariance matrix of our regression parameter estimates

is the 2x2 array
= (yT y-1 -1 _
U= X v )" = {uij}

where T denotes transpose.

Note that V may be factored into two components, viz.,

V= G(%)

where the scalar quantity N is the number of double-tagged fish released and

the elements of G are functions of L, p, the mortality rates and the Ti‘

Hence U = (
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To achieve the desired Ci, we can manipulate a number of experimental

factors which affect the variance of L, viz.,

Most obvious of these is the "sample size," N. Also important are the
number of time periods into which recaptures are grouped and the total
length of the experiment. These determine the number of data points, n,
and, along with prevailing mortality rates and shedding rates, the overall
recapture probabilities. However, for any specified combination of the
other factors the cohort size'N producing the desired coefficient of

variation in L, say Ci = §, may be computed as

T

N
é 1252

~ 2
If L is normally distributed with mean L and variance Oi

§ is equivalent to ensuring that i will be within 2008 percent of L

then ensuring that

¢

with about 95% confidence.

It remains now to specify the elements of G. These depend on the
assumed error distribution for the regression model. In the Bayliff-
Mobrand model Wetherall (see footnote 1) assumes that rg; and ry, are
binomial random variables conditional on the total number of recaptures
in the ith period. In this event the ith diagonal element of G is

approximately

(1 - Ki) (2 - Ki)
Bii = 2

o




where Ky = probability that a tag is still attached at time T
--LTi
= pe
and W o= probability that a member of the original tagged cohort is

recaptured during the ith period
FAi e—(F+M)Ti

R

Here A, is the length of the i'h time interval centered at Tys F is the
instantaneous fishing mortality rate (assumed constant) and M is the
instantaneous natural mortality rate. We further assume that the y; are
mutually independent, so that gij = 0 for i # j.

When the double-tagging experiment is conducted with Objective II in

mind the model given by Wetherall (see footnote 1) is appropriate:

E(y{) = In(q N) - ZT§
2
. (rg; + 2rg;)
where yi = 1ln
B4y ryy
and Z=F +M =gqf + M,

Here q is the catchability coefficient and f is the constant fishing effort
applied during each unit time interval. 1In this case we seek the value of

N which achieves a specified Ci = 03/2 = 8, By direct analogy this is

22
N, =
§ 7,242

W

'— -
where Néz is the second diagonal element of xT ¢'=1 x) ' and G' is the

error covariance matrix for the observations yi, Under the same

distributional assumptions on rqyi and r but with the added condition

si

that rey = rai + rgy is Poisson, we have




LKy o+ 201 k3

24 =3
i1 ®

and as before we assume g;j = 0 for i # j.

As in single-tagging experiments, the bigger the recapture sample the

=]

higher the precision in the parameter estimates. The number of tagged fish

recaptured is the product of the number released, N, and the recapture rate ¢,

where $ o ; uy Ki(z - Ki)

i=1
The experimenter controls the'number released, of course, and may also
influence the recapture rate by curtailing or extending the total recapture
period. There is a. trade off here which the experimenter must evaluate; an
estimate of L with specified precision may be obtained sooner (shortened
recapture period) by making a bigger initial investment (releasing more
double-tagged fish). Conversely, if the tagging budget severely restricts
the size of the initial release, the experimenter may have to wait out a
longer recapture period to achieve the desired results. The effects of
these two factors on the coefficient of variation in i are illustrated in
Figure 1. Here we observe that to double the precision the sample size
must be quadrupled, as expected. Similarly, for a given number of fish
released, a 4-yr recapture period will almost double the precision in i
over a 2-yr recapture period.

Another factor which affects the precision of Lis the number of data
points, i.e., the number of grouping intervals into which the total
recapture period is divided. Figure 2 shows the coefficient of variation
in 1 which is attained with different groupings assuming a particular

combination of mortality and shedding rates, an initial release of 5,000
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Figure l.--Effects of duration of experiment and number of double-tagged
flSh released on the coefficient of variation of L C.V. (L) [Assumes
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Figure 2.--Effects of grouping interval and duration of experiment on the
coefficient of variation of £, C.V.(£). [Assumes L = 0. 10, p = 0.9, F = 0.4,
M= 0.4, N = 5,000.]




fish and total recapture periods of 1, 2, or 4 yr. At least for this set

of conditions there apparently is little to be gained from grouping 4 ¥
recapture data into intervals shorter than one quarter of a year. A finer

partitioning would provide a slight increase in precision, but this would

not be advisable unless a reasonably large number of recaptures could be =
expected in each interval. Choice of the grouping interval will thus be

influenced strongly by the intensity and seasonality of fishing. For

example, where recapture effort is concentrated in a relatively brief &
annual fishing season the data will be clustered in intervals centered at

T1 = 1yr, TZ = 2 yr, and so on.

DETERMINING SAMPLE SIZE
We turn now to the Appendix Tables and the problem of determining how
many double-tagged fish to release in a single cohort to achieve a
specified precision in L (Appendix A) or pi (Appendix B). To enter the
tables one must specify
(1) guesses of the parameters L and p: v
(2) estimates of the instantaneous fishing mortality rate, F, and
natural mortality rate, M; these are assumed constant over the
duration of the experiment;
(3) the minimum width of recapture intervals (grouping intervals): the
table computations assume intervals have equal width.
It is assumed that these are immutable features of the experimental

setting. Three key factors then remain, each determined by the

experimenter:



(1) The desired precision in L or %. measured by the appropriate
coefficlent of variation;
(2) the duration of the experiment;

(3) the number of double-tagged fish released.

Usually the precision and duration will be explicitly stated in the
experimental objectives, and the sample size will then be chosen to achieve
the desired results. However, sample size and duration may be traded off,
as indicated above, and either budgetary or time constraints may force an
adjustment of goals with respect to the precision in L or 3.

Appendix A contains the sample size tables for the situation where
Objective I is of interest. Each page corresponds to a different
combination of L and p. We give results for three values of L (0.10, 0.30,
0.70) and four of p (1.0, 0.90, 0.70, 0.50). Each page has four tables,
corresponding to grouping intervals of 0.10, 0.25, 0.50, and 1.0 yr.
Within each table resuits are given for 25 combinations of F and M, with F
ranging from 0.10 to 1.20 and M from 0.10 to 0.80. Finally, each cell
contains, from top to bottom, the number of double-tggged fish (thousands)
which must be released in a single cohort to achieve a 25% coefficient of
variation in L when the total recapture period is 1, 2, or 4 yr.

As noted above, if Lis normally distributed, expecting a coefficient
of variation of 25% is equivalent to expecting an estimate of L within 50%
of the true value of L with about 95% confidence. If more or less
precision is desired, the sample sizes given in Appendix A may be easily

adjusted, using the formula
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~ 2
Ng = 0.0625 (N, .,./6)
where No o5 = tabled sample 3size corresponding to a coefficient of
variation of 0.25
§ = desired coefficient of variation (e.g., 10% or 0.10)
N6 = desired sample size.

Although the tabled sample sizes were computed assuming constant F and
M and equal grouping intervals, they should provide useful guidelines even
for cases with unequal intervals and for the common situations where
fishing is periodic. Should one wish to compute the expected number of
recaptures for a given set of experimental conditions, the reéult may be
obtained as the product of the sample size from Appendix A and the
appropriate expected recapture rate from Appendix C. Note that the
recapture rates are independent of the grouping interval.

To 1llustrate thé use of Appendices A and C, suppose that our research
plan calls for estimating L with a coefficient of variation of 10% (if we
are willing to assume normality of ﬁ, this is equivalent to specifying a 95%
chance of estimating L within 20% of its true value). We aren't sure of the
natural mortality rate, but guess it is about 0.4, based on experience with
another population of the same species. We also guess that F = 0.2 and that
the recapture data could be grouped in 3-mo intervals. To integrate with
other analyses, we will need our shedding rate estimates in about 2 yr.
Finally, other studies suggest to us that Type I shedding is probably about
10%, and that Type II shedding occurs at the rate of about 25% per year;

thus, we guess that p= 1.0 - 0.1 = 0.9 and L = -1n(1.0 - 0.25) = 0.30.
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With this information we enter Appendix A, page 17, and find that a
release of about 1,120 double-tagged fish will give a 25% coefficient of
variation under the specified conditions. Using the formula above, with
§ = 0.10 and Ny - = 1,120, we compute our final result, Ng. 10 = 7,000 fish.
According to Appendix C, we would expect to recapture about 7,000 x 0.21
= 1,470 tagged fish over the course of the experiment. At this juncture, we
would determine whether our budget would permit us to tag 7,000 fish; if
not, precision would have to be reduced, the experiment extended or some
other adjustment made.

In practice, it is a good idea to explore a range of values of the
various parameters and to check the effects on sample size. For example, in
the hypothetical case above if L was guessed to be 0.10 instead of 0.30 we
would compute a sample size requirement of 22,560 fish instead of 7,000; if
L was 0.70 instead of 0.30 we would require only 5,000 fish, Clearly, the
-~ higher the Type II shedding rate, the easier it is to detect and estimate it
precisely.

In the case of Objective II, sample sizes may be computed using tables
in Appendix B in the same manner as above. Note, however, that results are
given for the additional situations when L = 0. Thus they include the com-
bination of parameters associated with no shedding, i.e., p = 1.0 and L = 0,
This particular set of tables may be used in planning either double-tagging
or ordinary single-tagging experiments designed to estimate Z.

For many sets of circumstances Appendices A and B will show that
exceedingly large samples are required to satisfy experimental objectives,
Indeed, in many cases it may not be feasible to estimate L or Z with the
desired precision, or perhaps even with useful precision. Just how much

precision is needed remains an open question. In the case of either
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Objective I or Objective II the answer would depend on how i or % is

ultimately used and on the robustness of the associated decision procedures, i
However, a coefficient of variation of 25% is probably the minimum level of

precision acceptable. Many published estimates of L or Z are far less

precise, with coefficients of variation exceeding 100%.

ot |
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APPENDIX A

Sample sizes (thousands of fish) in double-tagging experiments of l-yr
(upper figures), 2-yr (middle figures), or 4-yr duration (lower figures)
required for estimating L with a coefficient of variation of 25%. Dashes
denote infeasible cases.

p 21.00
L=0.10
INTERVALE 0410 YR INTERVAL=® 0.25 YR
MA\F 0.p0 0.20 040 .80 1.20 M\\f 0.10 0.20 0440 0.80 te20
\ .
.88 2.05 115 0.72 0.60 Hed2 2e?1 t .52 0.96 0.80
C 048 teio 0.82 | 0439 0.29 0.29 .16 130 0.73 0.4 .35 9.35
Oeal 0.25 0.19 9.19 0.2 0.45 0.28 .2t Ne22 0.27
et 2.7 t.22 0.76 0.63 5,43 2.88 1a8s i.02 0.85%
a.20 1.24 0,69 0.43 0.33 0.32 Q.20 1.46 382 (25T 00 39 [ 1
0.50 0.3t 0.3 .22 8.206 B.56 0,38 0e26 Q.26 0.31
4.60 2443 te38 0.85 0.7t 6. 09 3.23 LeBt 1.14 9493
2,00 (-1 9.88 0453 0.40 0.39 6.50 1.83 1.02 0.63 " Ges8 O.a8
0. 75 a .48 0.32 2430 " 0433 0.85 0051 .37 4.35 0eat
G415 2.73 1,52 0.95 0.79 6o 84 3.62 2.03 1.28 t.07
0.60 1.92 1.07 04073 0.45 [ IRY 060 2.28 .27 0.78 0.59 0.57
1.09 068 0.45 G.39 0.8t 1.28 [ 29 4% 0.52 0.8 0450
S5.77 3.05 t.70 1.06 0.88 Teor 4.06 2.28 1.43 1.20
0.80 2+37 $e31 %e88 0.58 0.55 0.80 2.82 1e57 0.96 e 71 0.69
1.53 0490 0.60 0.50 0.50 1,75 1.03 6e70 0.59 0.62
ENTERVAL= 0.50 YR INTERVALE 1,00 YR

M\ F Gel O 0. 20 0.40 G.80 1.20 M \F 080 O« 20 ‘O« 40 G.00 120

8.35 4,43 2450 1.59 136 - -- - - -
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1129 6.00 3.39 2417 te86 - -~ -~ -- - -
0.60 2.92 163 1.02 0.79 0.80 0.60 S$.08 2.8% 1.83 " .52 1.67
1.86 0.88 0.63 0.39 . OebT7 2.00 t.23 0.91 0.9 te.22

12. 76 8,78 3.8% 2,26 2e11 -- -—- - - -
Ve82 3.66 2.04 1.27 0.97 0.98 0.80 087 3.07 2.36 1.93 2.18
2.8 1.28 0.87 0.77 0.8S 3.00 | .82 1.33 133 166
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Appendix A.--Continued.

INTERVAL= 0410 YR INTERVAL®E 0.25 YR
n\ ¢ 0.10 0.20 0.a0 | om0 te20 a\F 010 0.20 0.40 0.80 1.20
1.88 0.89 0e50 | o.M 0.20 2,23 1.8 0.66 0,02 0.35
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. ‘ o
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0.20 0.66 0.37 0.22 0.7 oeto 0.20 .78 o.as 0.27 0.20 0.20
a.37 0.22 0.18 0.13 0,14 n.ar 0.25 0,17 %16 o.17
1.58 1.05 0.59 0.36 | . 0.30 2.68 1,00 a.79 0.40 0.e1
0.40 0. 8¢ v.as8 0.27 0.20 0419 0,80 0.97 0.54 0,33 0.25 0.24
0.52 0430 0. 20 0a17 017 0.59 0.35 | o.2e 0.20 0.21
2.22 117 0,65 o.at 0.33 2.97 1.s? 0.08 0.55 FITYS
0.60 1,00 0.5 0.33 0.28 0.22 0,60 1.20 0.66 0,41 0.30 0.28
0. 71 0.4t 0,27 o.21 0.21 0,82 0,47 0431 0.26 0.26
2.48 1.31 G.73 0.45 0.37 ) 3.33 1.7 0.99 0.62 6.51 ’
0. 80 1.2t 0,57 0,40 0.28 0.28 0.80 toar 0.81 ) 0.36 0.33
0,94 0.53 038 0.26 0.25 1e10 0.63 0.4t 0.32 0. 31
INTERVAL® 0.50 YR INTERVALS 1.00 Y&
n\F o.i0 0,20 0.e0 0.80 1.20 u\F 0,10 0,20 0,60 0.80 1.20 .
3,09 1.96 1en2 .71 0.61 -- .- -~ -- -
0.1 0.90 0450 0.32 0,20 0.25 0410 1.58 0.88 0,56 0.a7 0,51
o.a0 0.28 0.18 0.t 0.20 0. 58 0033 0.25 0.27 0,36
3.92 2.08 1.18 0.78 0,64 - - - - --
0.20 1201 0.56 0.35 0.27 0,24 0.20 1.78 0.99 0.08 0.83 o.3a
0,49 0,30 0.21 0.20 0.23 0.67 0.1 0438 0e32 o.e2
s.e3 2.36 1.33 0.85 0.73 -- -- -- - -
2.40 1.26 0.71 0,40 0,34 0.3 o.00 2,28 1.20 0.82 0.68 0.7
0. 71 0.a2 0.29 0.20 0.29 1001 0.62 YY) 0,03 . [ 1814
S.01 2.67 1.5 0.97 o.83 - - - -- -
0.60 1.58 o.u8 0,85 0.at 0.6t 0.60 2.90 160 1.08 0.87 0,96
1.00 0.39 0.40 0.34 0.37 t.e9 9,90 0.65 0.63 0.77
s.67 3.02 1.7t 1.10 0.9 - - - -- -
0.8 1.97 1.09 0.67 0.5 0.50 0. 80 3.73 zo11 1.36 te12 1.23
1.38 0.40 0.53 0.as 0,00 2.17 1.29 0.91 0,86 1.03
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4,13 2420 le2s 080 O.69 - aied - - -
0.80 1.89 1.05 0.63 Oeb6 Osba %.80 4020 2438 1«53 1.2 te3s
1.63 0.92 0.58 0.43 0.42 3.18 1.8% 124 Le09 1.2
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INTERVAL= 0,10 YR INTERVALE 0425 VR
i
M\ F 0s10 0.20 0.40 0.80 1.20 M\ F n.10 ne2e CoAD Oe80 i1e20
1
23488 12.40 €.em 4.24 3ea9 2¢e.c8 13,22 7438 [T T 3.76
0.10 R.63 257 129 1.2} 1e21 19 472 2062 1,82 1¢26 1.28
te24 6.77 0.50 0.62 Oeno 1e25 de77 o.s8 0.63 [ 1]
24,80 13.05. Te25% 4,47 3.68 ' 26.43 | ‘1363 V.74 4,79 3.96
0.20 Sela 2«86 1e78 1«34 lels G20 €e28 4 2062 380 .28 1e30
;
1.e3 [ c.70 0.74 0.92 1ess 049% 7% 3} [ 1S 1) (19 1]
2752 14, 2%C 2. 0% 4,97 4,09 2%« 38 15.49 8.82 S8 482
D.40 £e38 3.%3 Ze18 1e€0 1.¢3 LY 1] €9 2.6} 2623 .1-60 1.6
2021 1e4) 1«03 f1en2 : 122 2433 142 1e04 1.04 1.2¢
LI 1Y 1€.10 8,94 5.82 s.58 32,67 17.23 .89 8,55 492
[ 1, T.B4 2+ 88 201 .58 Ds69 0,02 Ao AE 278 2.08 " 2.08
3.82 206 1e47 1e39 1.59 Jebe 2.09 1049 1ea2 leta
.58 17.89 9,94 6,13 s.ca 2¢.36 19.18 10,60 6,63 Sea8
c.an G.t8 5.26 7.29 Ze0% 2.38 0.80 B9 Z. 20 32§ 2654 2e48
4054 2094 Z.0% 1.84 2.C1 Se01 289 2.0 1.089 2.09
INTERVALS 0,0 YR INTERVAL: 1,00 YR
M\ F Qe10 Oe20 0.40 0.80 te2¢C M\ F 10 C.2¢0 Cod0 -y 1] 120
r2.27 17,04 Se5) $.96 5.00 -- - - -— -
0.10 s.ce 2.e2 1.78 1.38 1.39 t.10 3 .82 2481 1498 2.11
1429 080 C+6C 0s86 Q.08 1443 0.89 [ 14 0.79 1.13
24,08 18.00 1C.C¢ 6420 5.30 - - - — -
Ce20 2N .1 ) 3.14 1e$% 121 155 te20 VoM 4.29 2«71 220 2039
1.59 c.c8 0.78 0.79 1s02 1.7¢ 131 coes 0497 1.36
3e.co 20412 1125 7.07 [T - - - - -
Qet0 T.C) 3,6) Ze A3 1.88 1491 Ced” 965 543 Y 3 280 3.06
2442 (Y 1,06 11t 138 2478 1e7¢ 1e2% Tea2 . 1.92
4255 2245t 1261 Te94 6e 70 - Ldd - - -
Ce 60 Ea72 4.86 3.02 2032 238 0o 60 12.22 6090 430 3.%0 Yo92 |
3.1 .19 1.28 1eZ4 1.83 4,21 2456 1»93 2408 2408
47,85 25,22 14,1% 2,93 TeSS - — -— -— -
De 80 1C. a8 6. 08 378 2.87 2.88 C.80 1%.56 8.7 Seb1L 4459 Be03
£.27 2.1 2.22 2.07 2.37 €o3a 3.86 2483 2,08 3.60

3
L
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L =0.30
INTERVAL® 0,10 YR INTERVAL® 0,28 YR
n\ r ce10 0.20 0.40 0.60 1.20 w\ 7 0et0 0,20 0,40 0,080 1.20
5,08 2.¢¢ 1eap 9.9t 0,75 5.53 2492 1063 1,01 0s88
0.10 1.at 0.78 0.8 0,26 0,38 s.10 1e48 c.01 da80 0,38 0.30
Ce€l 037 0.26 028 0e29 d.62 (-1 ] 0.27 0.2¢ 0e20
5,32 2.8¢ 1026 0,96 0.79 s.88 .08 te72 1.07 0.09
c.20 1.56 0.7 0.23 3.40 0.39 n.20 1.63 6o 90 cose 0.2 o.a1
0.7 LY a.31 0,29 0432 078 ceas 0.32 0.30 0.3
w52 3z 1e7a t.07 0.88 I Y ENY) 1.92 1419 0,99
0.40 1e93 1e07 0.8 0. a8 Ouar 040 2,01 te12 coes 0.81 0.50
1.06 0.63 0,43 o.38 " oeaf 1eC9 0ees Coas 0ee0 cead
. se 3,47 1.93 1,39 0,98 ve27 3.84 2410 1e3s 1e11
6,80 2.37 1.31 doe0 o.28 0ess 0.€0 2448 128 Cora o.62 0.0
1,40 0,87 0,50 0.9 0,50 1.53 0.90 0,61 0.51 0esa
7032 3.8 2.15 1e32 1,09 nett a.208 2439 Teds 123
0.80 2,08 1,80 c.57 0.70 0.es 6. 80 208 1.68 1.03 0.7 071
2401 1et6 6.78 0461 0.6t 2409 1021 t.ec 0. 6% 0.€8
\
INTERVAL® 0,20 YR INTERVAL® 1,00 YR
»\ r n.1¢ 0,20 c.40 0.20 1.20 W\ F | e.c c.2¢ Y 0.0 te20
7,88 a.08 2028 1e4a 1,22 - -- -- - -
8,10 fe6s o.52 0.58 Soe 0,45 ne10 2451 leaz €e90 0.74 0.02
e.er 0.%1 o.2¢ 0,29 0438 s.01 0.5¢ 0.8 0,41 0485
8.31 430 2,42 te23 130 - - - - -
0,20 1.88 1e03. cosa o.30 050 0.20 2.0 1.60 1.02 n.0a cev2
o.at d.a9 c.3s 0.2 0,40 tect 0.62 oear 009 0.t
9.2 a0 2.72 1073 1047 - - -- -- -
0. 40 2.3¢ 1.29 c.90 0.6t 0461 0.40 3.62 2.¢8 1.21 1.08 119
1.19 0.71 t.se 0. 48 0s52 1.£3 0.93 c.08 070" o.08
10,26 s.ae 2.07 1e92 (YY) .- - - - -
0.0 2.07 1.60 €99 0.73 0,78 0.60 [Py 2.3 .88 te3e tes2
1eeo 1.00 c.c0 0.0 0.66 2.26 te37 co50 0,97 1.20
11.56 €.13 3.8 2.20 1.80 -- -- - - -
0,80 3.56 1098 1e22 0.92 0.91 0.00 a.¢8 3.37 2.18 te70 1.08
2.38 1.37 Ce52 0.7 0.2 3.29 1.97 1439 .33 1.80
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2 =090

INTERVAL= 0,10 YR INTERVAL® 0o28 Y@
M\ F 010 0.20 0.40 0.80 1.20 “\ F 010 0.20 Cot0 0.e0 1.20
2433 1.23 XY 1.3 0402 Te35 2.70 1e23 0.00 0s%0 Ceat
0.10 ‘teco (2% 4 Ce 33 .24 0.22 Ceto tece .60 Ce36 0426 0.28
0.71 O.a1 0.27 .21 0.21 0,76 Oeba 0.29 0.23 0,23
2446 1429 .72 O.84 0,28 2.8€ 181 [-2Y.1} 0e53 Ceta
.20 1.10 LPY.1) Cee 0.28 0.24 Ce20 1.20 0066 080 .29 co27
%82 [yt 0430 0.23 0.23 0.88 0.5%51 .22 0.2¢ 026
2.73 1eta 080 C.49 n.40 .19 1.68 c.94 0.80 [ 1YY
Codn 1423 0,73 C.ta 0. 0.28 Cean 1e06 0.0 YY) 0.34 €.32
1.07 c.e0 028 0.28 0,27 1et® nNe€S - C.a2 0432 030
.04 1.60 0.89 0.%8 Ceda 3.57 1.08 t.08 LRy 1 O S8
€. 80 1.60 G.27 €52 0436 0432 0,60 177 0.97 0.50 [PV Y] 037
1.3¢ 0.7¢€ Oea? Ge3a 031 toae o.e2 %2 0.38 0.36
2.37 1.70 0.99 0.0 Ced9 .98 2.1¢ 1el7 6.73 0s60
c.8C 1.51 1.Ce co61 042 0,37 c.8n 2.12 1e18 €069 [ 2YY 0.3
1.69 ©.93 c.87 €. a0 0.3¢ 1. 86 1.03 c.e2 0.46 0.42
INTERVAL® 0,50 YR INTERVAL® 1.8C YR
AN Cet0 c.2¢ [ Y 0.80 120 L AN oe.10 Ce2C "coa0 0.80 t.20
aole 2.20 1e2e Cen0 0,68 - - - - =
LISY ] 134 0e74 0.an 0.35 [PRTY c.10 2.37 1434 Ce86 0.71 0e.70
c.2% [CH 0.3% 0.29 Ge 3% 131 co7e CeS56 0.53 0e68
a1 2.38 1022 0. 88 0,72 - - - - -
0.20 1049 083 0.5 0.38 T 0.20 2.6 1+82 c.90 0.51 (2.1}
1.C8 O.te c. a0 0.33 0.38 1e87 Cooe Co06 0.62 Oe7e
4,98 2.8 1e%0 0.56 0.82 - - - - haed
C.40 F Y- 1.02 c.83 0.a7 [ YT 0,40 LYY 149¢ 126 1.08 1e13
1.39 0.80 c.e2 0.02 Y] 2022 1e32 Ce91 6.063 Ce98
t.€3 2.99 1.65 1.09 0.93 - - - - -
LY Y} 2.26 1.28 .77 [ 1 0.54 0.60 4,00 2.%2 1.61 1o 23 145
1.083 1e0a o6t 0,52 0.52 .10 1.82 te2e 1.21 1e29
.37 3.39 1.52 1.23 1.08 - - - - -
n,. 80 2.77 1e53 Ceny D68 Oeta 0.80 .70 3.23 2.07 1.70 1e08
2.3% 1,33 c.e3 0,64 0,62 4,28 2.40 167 tea? te68

k)
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Appendix A.~-—-Continued.

INTERVALS 0,10 YR INTERVAL® 0,28 YR

LA Ce10 0e20 0+40 0.80 1420 LA 010 0.20 0s+40 c.00 1.20
107462 SHhetA 3130 1931 T 18.864 113.87 89.9% 33,2 20+ %1 16290

0.10 téaze 10. 4 €e 2% 8,75 4. 79 0. 10 18, 8¢ 10.30 633 LXY.1) 4e9¢C
A2 258 1.92 211 2083 4,14 2488 1.93 2413 24 &7

. . .

113.28 %Je62 33.0% 20,24 164,72 119.89 €3.32 .02 1.2 17.83

8.20 20. 28 11.2¢ e GA Ha27 5230 Cs 20 Ed 2314 $1.44 . TeD6 Se28 Sea3
Ge08 3.17 2428 2453 Yo 32 Bat} 3.1 2.37 2. 86 3.37

O

0610 264CE 22+%8 . 18e5€ ] 133.00 70,086 28.91 24.04 150 88

a0 1%.88 LE8-£4 6.48 Sed8 Co A0 2341 14,11 (X243 6e63 686
A.T 3eaG 3. £0 A,49 Ta74 .74 .22 3. €4 be87

e

139.22 TR, 22 4D, 68 25407 €C.E2 147.66 77.8% 42,24 2678 22.10

Ne 6N .02 174101 1.5 T25% 7490 Ce 60 36 17.42 10.78 8e18 Be13
11.a9 Se%8 E.07 4,58 fe93 11.82 TeC4A %e12 S.00 64006

154,47 81.+36 a4t 27.8% 22.90 184,05 Lé.ap 48.08 2917 24. 81

S B JReLO 21.08 12.97 9,73 957 080 38,72 21%0 13.2% 9459 Se89
16.87 10414 T+19 .72 7.7 17+C3 10.28 T. 28 €a86 T.88

INTERVAL® Q.50 YR INTERVAL> 100 YR

M\ F DalO te2¢ C.40 0.80 t.20 M\F fa.1¢C €20 C.a0 0.80 1.20

143,21 T %2 42,04 26.1% 21.01 - - -—— - -—
Gelo 19.60 10.89 te74 Se18 332 0s130 2%, 0% 14,01 2e78 6499 T¢53
2421 2. €¢ tege 2020 3.018 .21 2.20 2.18 2420 3. €8

1%1.09 79.¢8 A4, 3T 27.064 . 23.09 - - - - hated
Ne?2N 2179 1212 7«50 Se 77 Be92 De20 208,03 1567 S84 Te87 8450
2,20 321 2a 43 2468 356 %260 Jede ZetO 3.06 4,40

168418 re.7a 45,85 30.92 25,89 - - - -- -
Cedo | 26496 15.C1 931 Teto Ted2 V.40 35.11 19.69 1242 1001 10+88
7. 61 4.86 34863 3.81 v 4,08 LXY-1} Se 3E 4. 00 4,53 6.29

187,42 $8.59 £€.29 34,€4 29.07 - - - - -
- 391 33,82 18.61 11458 8.8 9.03 0a60 d4.22 24.08 1%74 1278 12.88
11.8¢9 Te25 eI Se34 656 1323 813 6ol 6.60 8404

2¢%9.2¢ 110,87 61,84 38,84 32.68 -— - - - -
C.80 a1,47 23.10, 14,232 10,50 11011 0.80 55,92 31,40 20401 16428 17.7¢
17.¢¢C 10462 Te62 7.32 B.64 2C. 04 124208 9.07 Pea3 124208
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2 =0.70
L =030
INTERVAL: 0410 YR INTEAVALE 0,23 YR

M\ F 0.0 c.2¢ .40 0.80 t.20 P\ F frat0 0.2¢ 040 0.80 t.2¢
tr.se Se87 5.26 " 3.28 2.67 19.19 10.42 5463 3.49 2.80
0430 Avie 2.33 1.44 1.08 1,07 0.10 4,20 2.38 1.47 l1et2 141
1.58 0.95 069 0.68 0.81 157 Oe9e .70 0.70 Oele
18,95 9.98 Sa5a 3.2 2.82 20.24 10,67 5.54 3.88° .08
0.20 8,68 2.59 1o %9 1.20 telBs 0e20 4.7¢ 2+8% 1ee2 1e24 1.23
t.89 1.15 0.83 0.80 0.93 1.98 tel6 0.8 o.81 0eSS
21,04 11.00 Ee16 3.80 312 22,58 i1.87 €e61 . %10 T+39
0,40 .78 2.16 1.9¢ f.ae T fea3 0.00 [T .27 2401 1e%1 1.40
2.76 1.€8% 1e18 1.06 lete 2.80 t.en 1ete 1.09 1.23
23.38 12432 6e84 he22 3.47 25.00 13.22 Tele aa.t7 Je70
C.pn 7.07 3.52 Y 1.78 1.7 Ce€0 7.26 4.c3 2.47 1.84 1.79
3.93 2.22 1.59 1.39 1049 4.00 2.37 1.63 1.43 155
2%.57 13.8% 7.60 4.69 .05 27.90 14.72 Be20 Se09 .21
0,80 B.e7 4. EQ 2.92 2.14 2.05 0.0 8.5 4.9 .03 2423 218
5.46 3.18 2.12 1.78 teBa 2.57 .28 z.10 l.04 1.92

INTERVALE 0,50 YR INTERVALE 1,00 YR

m\ c.0 0.20 0,40 0.80 1.20 M\ F c.i0 0.20 0. 40 o.ec 1e20

24,84 13.13 T35 4.62 .80 - - - -— -
010 4.3 2.%e 1.€0 1024 1.26 cetn €37 .59 2.20 t.08 2402
1.63 0.49 0.72 0.6 0e92 t.es tets c.87 0.5¢8 t.28

26426 13.09 T8 a.29 412 - -— - - -
0.20 =.18 2.8 1.78 1e38 1.40 .20 Te17? 4,08 2.57 2.10 2.29
1.99 1.2 O.re o.e8 te06 2.29 1041 1.06 1.18 1.52

29.39 15.55 e.72 .20 LYY YY - - - - -
0,40 €,a2 3.8 2,22 1.70 1.72 C.49 ve12 Seld 2.20 2.¢0 2494
2.93 1.77 1e26 1419 1.30 3.ae 2.13 1e57 1.62° 2.09

32.93 1748 979 .19 8.23 - - -~ - -
0.60 7.57 LYY YY 2.78 2410 2.10 .60 11.62 8,56 a9 Jeds 276
4.23 2.52 Te?S 1.%8 177 c.1e 3.14 2.28 2.27 2.08

36,65 19.57 11.00 6.97 550 -~ - - - -
c.80 5.89 5.50, 3,80 2.57 2.58 c.80 ta.00 2,39 5.7 4ca1 s.82
5.9% 3.50 2,28 2.07 2024 1 4.5 2,24 3.te 3.8

e ]
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Appendix A.--Continued.

INTERVAL= 0.1C YR INTEFVAL2 0,28 YP

w\F 10 C.20 [ Y 0.80 1.20 m\ LY ce2n C.40 0.80 1e20
€.€0 J.48 1.93 1e19 0.98 Te22 3.81 2613 132 1410
0.10 -V 1438 0482 0.€0 0456 LIST) 2,56 1e41 o.0¢ co€3 0+€0
tee2 T 0.62 0451 Ces1 1467 97 ro65 0.%2 0eSS
; 351 3.67 2.02 126 1.03 7,63 a.c3 2,28 140 1e16
0.20 2.69 1.49 c. o0 0.¢5 6.6t .20 2.82 1.%€ co0E a.69 0.68
1.88 1.08 0.71 0157 0e57 1.98 1e12 074 Ge80 Ce€l
1.72 a.c8 2.26 1439 Tela 8.51 4,49 2451 1,56 t.29
0.an 1.28 teeo | 1.06 078 0.72 - n.a0 .44 1.9¢ 1.1% 0.83 0.78
2449 1.02 c.0y 0.70 0.68 Petra 1008 | cous 0.74 0e?3
H.ES 4,53 2+81 1+55 1e26 : ) Q.8G S.C1 2.79 1.73 1e43

c.6n 3.6¢ 2417 1.30 c.62 c.ea n.€c Y 243¢ 1030 Cec9 0,91
.21 1e81 1ela 0.85 c.80 3.3¢ 1.50 1e29 0.91 c.e8
Se5a 5.¢3 2479 1e71 1.40 10.58 fe89 LT 1.92 1,59
0.89 a.7¢ 24 €1 1.5¢ 1.08 0,97 o.ec SeCE 2077 te €6 tel? 1.07
a.07 2427 1edo 1e02 - a.28 2.40 145 1.10 1.03

INTERVALE 0.50 YP INTERVAL= 1.00 Y&

M\ F nete 0.20 Coa0 0.89 1.20 w\F 0410 0,20 coa0 o.ec 1.20

1€.05 5432 .00 1.91 1.63 -—- - -— - -
Ceto 2452 1ee2 1.0¢ Ce 76 Ce?5 cote a,7C 2.¢6 1671 100 1058
t.84 1.ce c.72 Oee ce67 2.48 1.4 1.C€ 1.02 1e2a

10,66 566 .19 2.0% 1.73 -- -~ - - -
0.20 2.25 1e81 1.12 t.ne 0en3 ce20 5,32 3.01 1492 te59 1e74
24186 1,26 c.na 0471 0e75 2.58 178 1.2¢ 1.19 1.44

12.C1 6438 .60 2.29 198" - - - - -
0. a0 a.(2 2.27 1.37 1202 1.00 Ned 6.082 3.0¢ 248 274 2423
2.91 1.e8 1e10 0.50 0,53 A.28 2.%1 1e74 1061 1.91

13.54 7.19 4.0€ 2489 2.21 - - - - -~
0. €0 4,55 2.74 1.68 1.24 1.20 2.60 re7S .08 2.18 2461 2485
LT 2.20 1.42 1.12 1413 £.63 3.48 2.38 2.16 2.51

15,28 8s12 a,50 263 2.%0 - - - - -~
0. 8¢C €.c? 3.36 2.05 1450 leaa 0.80 11.23 6.36 s.0e .34 LIS
s.c1 2.23 180 1,29 1.38 2e17 77 .22 2406 3.28
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INTERVAL=® 0.10 YR INTERVAL= 0425 VR
M\ » Y .20 0.40 0s00 1.20 w\r .10 0.20 C.40 0.80 120
375,02 165,42 110,47 e7.91 55,76 402,63 210,06 116,069 r2.C2 89,32
.10 81.01 33,03 20483 1s.02 12,97 fe10 61.e8 2e,.32 21018 18.10 6.3
12.¢0 r.82 8.02 6.27 8.66 12.74 7.88 S.9¢ s.e2 9.07
Icn.ea 209,09 11€.2¢ Trety 58,78 421.72 222.00 123.12 78.91 82,56
0.29 67,06 37.83 22,12 17.%¢ 17,70 e.2n sa.¢5 38.09 23.49 17,00 18,09
12.¢4 9.¢3 7e27 Tev2 10.56 15,72 Q.88 7e3) 7.99 10,73
221,87 232.60 128.96 19.3% 65,24 AT, 57 248424 136.67 88,38 69261
0,40 a3,21 46,24 28.%0 3.6t 21.67 n.av Ae,e9 486,57 20,92 22.08 224218
23.70 14,54 16,82 11.08 18,43 23.83 i4.63 1091 th.a¢ 18,¢8
sec.02 227451 143,06 e8.13 72.48 ste.e2 273.34 151.82 93.84 77.48
N.80 102.67 s7.00 .12 2e.88 26,48 0.60 104,26 £7.57 3z, 77 27.18 27.17
e.87 21.67 15.85 15,84 19.22 Is.e0 21.82 1%.99 16.C6 19. €1
=ar,z7 286.12 158,77 97.87 80.47 S7€.12 303.63 166,75 104481 86.27
c.n0 126,56 70.28 a2, 23 32481 12,13 0.80 12e.e0 Ti.%a LYYS Y Izem 33432
52454 3t.69 22.mn 21.82 25.09 52.67 3l.58 22493 21.92 25.¢9
INTERVALE 0.%0 YR INTERVAL® 1.00 YR
w\ 0.l 0.20 .40 0.80 1.20 M\ F ce10 n.2¢ C.40 o.e0 1.20
802,53 264477 147,18 9t.38 76.¢9 -~ - -- - -
.10 £S.19 Jeo 20 22.3¢ 17.17 17.60 tele n2. 8¢ 46e 00 2e.7s 22478 28,48
12.93 7.4 €.07 6.81 9.48 12,74 .22 e.5e Tets 11.2¢
529,88 279,12 128,28 96.55 805t -~ - -- - -
029 72.40 40022 28,22 1912 19,59 0.2n 92.07 21,42 32.20 23.62 27.%8
15.56 9.88 Tea? 8e2% 11024 17.04 10,57 0.13 .37 13.58
588,72 310,88 173.03 107,91 $0.22 b - - - -~
0.40 LYY ) 9. 7¢ C. 0y 23.7 24,28 c.an 115,01 éa.40 40,53 32.51 35.10
26,20 14,04 11.2¢ 1162 15,54 2¢.24 16.2¢ 12092 13,53 19.83
es8, 83 346.06 193411 120.76 tot.22 - -- - - -
o.en t1c.7e Gle6eE e, 24 29.39 _29.98 0.60 144,42 81,07 21,24 41,37 4,98
36.¢4 22.39 1e.51 16.0¢ 21,04 4024 24,03 18,74 20037 27.63
731404 3R6.21 218,02 138,32 113.¢8 - -~ - - -
0. 00 137,22 16,47 47,43 el 38 36.89 0.8 182421 102,48 6%.02 $2.77 S7.49
LYYS 31 13,01 22.88 23 27,93 ete12 37.ar 27.86 29.29 30.30
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p=0.50
L =030
INTERVAL® 0410 YR INTERVAL® 0.28 YR
AU 0.10 0.20 0e40 0.080 1.20 x\ F 0e10 0.20 000 0,80 120
€7.48 30, 2¢ 1€.79 10.38 8,531 €Co 98 32.18 17+88 t1.08 9113
0410 12,20 6.77 a.18 3.16 3418 c.10 12,42 6,90 0,26 .24 3024
A 08 2430 t1e84 1+86 2427 a.t2 2482 1e86 1.09 2032
0452 ar,.er 17,69 10.91 897 64,28 33.08 18,83 YL .83
0420 13,858 i MT] .64 3. g0 3,47 622 13.20 L 2Y3 4 4a73 3.59 J.5e
: 5.80 3408 2.21 2418 2.61 © Se08 3,07 2424 2022 2.87
€7.16 3,38 19,64 1211 9.98 BERATYE) 37.66 2¢.54 12.97 1073
Ne40 14.71 9.27 £.70 2.28 421 0.4 V17.04 Sed? ey 4eb0 3036
7.36 LYY S Ze18 2.98 3437 7443 FPYY ) .19 3.01 3e47
T4e8s 39.28 21,81 13448 11.06 79.43 41.89 230 14448 11498
0.80 20.%8 T1ea) 7.00 s, 21 S.08 0,60 21.03 tiee? Tete .37 5.27
B 10.59 6e29 8,37 3.%1 4,268 ) 10.72 630 A.04 4,00 dade
02.75 43,62 24,23 14,92 12.28 ' 88,37 | «seey 2%.94 16409 13031
080 2%.28 14.00 [T 632 Se 09 .00 25485 14032 2e80 653 6038
14,88 8.73 ge91 5408 038 ts.t10 .28 8403 5420 8. 88
INTERVALS C,%0 YR INTERVALs 1,00 VR_ .
n\ F 0.t0 8420 040 0.89 1.20 n\ ¥ ce10 cl2¢ To40 c.20 1e20
7761 40499 22489 14,22 12.03 —— - - - e
2410 13,28 Te38 a,se 3,53 3.60 0.10 | 17.87 S.07 €24 5.08 Sed9
4.23 2,99 1492 1.99 2450 4068 2.90 2.20 2443 3.32
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APPENDIX B

Sample sizes (thousands of fish) in double-tagging experiments of l-yr
(upper figures), 2-yr (middle figures), or 4-yr duration (lower figures)
required for estimating Z with a coefficient of variation of 25%. Dashes

denote infeasible cases. p =1.00
L =0.00
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INTERVAL= 0430 YR INTERVAL® 0,28 YR
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p =1.00
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p=0.90
L=0.30
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0. 60 tesn 0.58 0.23 0.09 Q.05 [ XY-1] Les0 0.59 ° 0.23 0.09 0.053
Deb2 0.28 0.13 0.06 0.04 . G.02 0.28 Oet3 0.06 0.0
.20 t.79 0e69 0.24 d.13 : LIX 1] | 1.89 0.73 0.25 0.13
a,80 1.02 Jeao Ol 0,08 0+05 0.80 1.04 007 020 0,08 0.05
0e53 0.25 Jdel2 2.06 0.08 0e53 0425 Ol 2 0.06 V.08

INTERVAL= 0.50 YR INTERVAL= 1,00 YR

M \F 0.t0 0.20 0.40 0.80 le20 . \F 0.40 0.20 0.40 0.80 .20

Tre?2 t8.19 REY-13 0.69 0.28 - -- - - .-
%.10 10. 64 24063 0.58 Oola Je07?7 0.10 12,97 323 oir2 Os 10 0.09
2493 080 0.2 0.07 Dels 3. 08 d.84 0.23 0.08 C.098

30 3 1vs78 2406 Q.59 f.25% - - - - -
0.20 5425 1.64 0s43 Oel2 0. 00 9.20 [ TX 3 ] 2402 056 de 18 0.09
159 0.53 0.t8 0,06 0.08 1,60 0.88° 0.19 0.07 0,05

. 18,58 5032 1.67 [Py 1.3 0.22 -—— - - -— -
‘Geso0 2+3) 8.90 0.31 0. il O 06 0.40 2489 tel2 0.8 0ol Q.08
0.3 0.36 0.8 0.00 0.08 Qe 9t 0.38 Ol 0.,07. 0.05

8. 25 3.33 te19 0.38 09 - - - - -
0+60 lea7 Ge63 0.25 0. 10 Je 06 0.80 1.88 0.79 0.32 0et3 Oe 09
0.63 0.29 Oel3 0.06 004 . 0. 69 0.32 0.1 0.08 %.006

Se 50 2.38 0e92 0.32 0.7 -—— - - - -
0.80 110 0ed9 0.2) 0.09 %.006 O.60 183 008 Q.28 Oe 13 0.09
0455 Qe20 0.13 0.06 0.05 [ 21 13 0.30 0.8 0.08 0.07
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p =0.90
L=0.70

INTERVAL=: 0410 YR

INFERVAL = 0.,2% YR

n\F 0.19 0.20 0.40 3.80 1.20 m\F 0.10 0.20 0.40 0.80. t.20
80, 29 18,78 3.78 0471 0.28 84,00 19.66 3.93 0e73 0.29
o.10 2382 5.45 te28 - 0. 29 0.13 010 28.10 5.92 1.30 0.29 0.14
te.81 T 3.83 9.92 Ge26 0.12 18,91 3.86 0.93 0.24 0.12
37.56 112 2,74 Oent 0.2% 39.32 1.6 2.87 0.64 0e27
Q.20 the70 363 0e9A 0.26 o.t3 0.20 t1.86 3.68 2499 0.26 0.13
r.07 2450 0473 0.22 0.1 .72 2.52 [ 2 0.22 0.t
14099 5.08 .71 0447 0.21 15.71 5.7% .79 0.49 0.23
.40 .13 1.96 067 0. 21 .01 0440 s.20 1.99 0e68 o.22 0.12
3. 68 [RYYS 0,53 0.19 ‘o.10 3.72 t.88 0.54 0.19 0.l
8.48 .62 1.21 0.38 0.19 8.30 3.59 1.28 0.40 0.20
0.60 317 1433 0451 .19 0.1 0.60 .22 1ed6 9.52 0.19 [N Bt
2445 t.06 Q.43 0417 0410 2. 48 1,08 O.00 0417 0.10
5e 69 2442 0.93 0.32 0.t ? S.98 2.55 0498 0.36 0.8
2.80 2.32 1.03 .43 - 0.t7 0.10 080 2.38 1.08 [ Y 2.7 0.10
.90 0.86 0.38 vete .10 1.93 0. 88 0.38 o.te o.10

INTERVAL® 0.50 YR INTERVAL= 1.00 YR

0.12 0420 [ Y 0.80 1.20 “\F 0.10 0.20 0.40 0.80 1.20

101,34 23.78 8 0.92 0.37 -— - 4 - - -
0.10 25.20 621 1.37 0.32 0.13 os10 32.68 8e48 t.87 0ea? 0.2
L5429 3.97 0.96 0.25 0e13 17.61 .67 telB 0034 0.20

AT.56 14013 3.51 0. 79 0436 - -— - -~ -—
0.20 12,42 3.87 1.05 0.28 Oetla 0.20 16.37 5.19 1ea? o3 024
7.95 2460 Oer? 0.23 0et3 9433 3.2 9.96 %.32 2.20

19.11 7.01 2.21 0.61 0.29 - - - - --
0.40 S.49 2.11 0.72 0.24 0.13 0.40 Tea9 2.93 1.08 0.38 0.23
.85 [PE- 1Y 0e57 0.20 0et2 .72 193 (T3 3.30 0.29

.

10.90 LYY 1.58 0,51 0.26 - -— - - --
0.60 3.43 1.45 0.57 0.21 0.52 0480 .87 2.10 0.86 0.33 0.23
2.60 tet3 0.47 0e19 Oel2 3.33 1049 0.65 0.29 0.20

7.38 3.6 1.23 [ Y 0.23 - - - - -
0.30 2.53 1e13 0.8 o.20 0.12 0.80 3.75 1e71 0.76 0433 0.24
2404 0.93 0.41 c.18 0.1t 2.7% 1.29 0.60 0.30 0.22

9
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p =070
L =0.00

INTERVAL= 0410 YR INTERVAL® 0.25 VR
AY
m\F 9410 9.20 0.40 0.80 1.20 » \F 9.10 0.20 0,40 0.80 .20
63.85 18.83 2499 0.56 0.22 67,01 15 .66 3.12 0459 0,23
0. 10 e 71 2408 0.7 o.tt 0.08 0.10 8.82 2417 Y 0et2 0.0
1433 EETETY o.10 3.03 3.02 1e3e BEPETS 0.10 0.03 0.02
29,66 8.77 2416 0.48 0.20 31.33 9.27 2.28 0.50 0.21
0.20 28 V.33 0436 o.10 0.05 0.20 434 1.35 0437 010 9.05
0.73 2.25 0.08 0.03 2.92 0.73 0.25 0.08 0.03 0.02
t1.82 a3z te3a 0.37 0.7 12.49 a.58 1.42 0439 0el8
0440 1.69 0.73 0.25 0,08 0.05 0.40 192 0.7a 0.26 0009 0.08
J.a0 0.17 d.07 0.03 2,33 0,40 0.t7 | 0.07 0.03 0.03
658 2.69 0,95 0,30 0eis 7. 06 2.8 1.0t 0.32 os16
0.60 te19 0,50 0.20 0.08 9.05 0.60 120 0est 0.20 0.08 0.05
0.31 0,14 0,07 0.0a 6.03 0.31 [T 0.07 0.04 0.03
s.a7 1.91 0.73 0.25 0.13 .72 2.02 0.78 o.27 0.1
0.80 0.88 0,40 det7 0,07 0.05 0.80 0.90 0080 0.17 6. 07 005
J.28 Oa14 0,07 0.08 0,03 0.28 [T 0.07 0.0e 0.03
INTERVAL= 0450 YR INTERVAL= 1.00 YR
M \F 0.1 0.20 0.40 0.80 1.20 w \F 0,10 0.20 0.0 0.80 1.20
83.79 15.59 3.91 0.7e 0430 -- - -- - .-
0.10 9.27 2.28 0.50 Bet2 9.08 o.t0 11,60 2.86 0.68 0etS 0.08
1,35 0437 v.l0 0.03 0.02 iea2 0,39 0.11 0,08 0403
39.19 11.60 2.86 0,66 0.27 -- - - - -
9.20 450 1.62 3e39 011 0. 06 0.20 .72 te?o 0.49 o.te 0,07
0. 76 0.26 0.09 0.03 0.03 0. 78 0.27 0.0% 0.08 0.03
15.08 5,72 1.79 0,49 0.23 -~ .- - - --
0.40 2.02 a.7a 0.27 0.09 0.0% 2.40 2,55 0.99 0.35 0e12 0,07
0. 40 0.17 0.07 0.06 0.03 0. 43 0.18 o.08 008 - 0,03
8.88 3.58 te27 0ed0 " 6.20 -- -- -- - -—
0.60 te2r 0.3e 0.21 V.08 0.0% 0.60 1.62 0.69 0.28 0.11 0,07
0. 31 015 0.07 0406 0.03 V.36 0.16 0.08 0.08 0.06
3.96 2455 0.99 0.38 o.18 -~ - - - -
0.80 0.95 0.43 o.18 0.08 0.05 0.80 1.23 0456 0.26 B.11 %.08
0. 29 outa 0.07 Q.08 0.03 0431 oel6 0408 0.08 0.0
i
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p =070
L=0.10
INTERVAL= 0.10 YR INTERVAL=E 0.25 YR
M \F Gak0 0.20 .0et0 Q.80 le20 LN 4 Veld ve20 (23 1) 0.80 be20
:
67,30 15.73 3.1 Q59 T.23 Ti.07 16.62 3.31 0,83 0e2%
0410 9. 94 2048 Oe54 Oel3 9406 dei0 10,07 2.48 0.5% 0013 0.06
1e83 " 0.0 Ol 0,08 0.03 1.83 0.50 Oels Q.08 0.03
EIRY 2 4 9.3 2.29 [ X%-1} %. 21 33.23 9848 2,02 054~ Qe22
0. 20 8. 89 fe32 0.82 Qeld 0l.06 0.20 4.96 .38 Q.82 Oeld 006
’ 1.00 0e348 0.2 0,05 0.03 tevo 0.35 0.2 0.08 0.03
12.54 4288 143 0.39 0. 18 13.2% .64 te51 Oesl 019
Q.40 2. 16 Q.83 029 Q.10 0.05 Q.40 220 V.85 De29 0.30 %.06
0.54 0.23 Oelu 0. 05 0,53 0.5 0.23 0.10 0.05 0.03
Te 09 2406 1.01 0.32 Qelo 70350 T 3e02 107 0s34 017
8. 00 e 36 0,58 0.23 Qe 09 0.05 2+60 fe38 0.59 ° 0e23 0. 09 0,08
0.42 0ot 0+09 0o 35 0404 Oed2 Q.20 0,09 0.05 0.04
4,75 2433 0.78 0,27 Qs l s 5. 03 2415 0.8 0429 Gel5
0.80 1. 01 0453 0.19 Os08 0,08 0.80 1403 Dottty Q.20 0. 08 0.903
Je3n %.18 Q.09 2. 05 9.04 038 0439 2409 04095 008
INTERVAL= 0,50 YR INTLRVAL=® 100 YR

n\F d.10 0.20 Gea0 0.a0 3420 % \F 0s10 Qe20 0s40 0.80 1.20

as8. 082 20.78 4015 Oe79 LR 1} - - i - -
0.10 13.57 2.60 0.58 Oats .07 Ge.10 13.22 3.27 Q.73 a.18 040u
(Y13 0.5 O.ia 9.05 0.03 1e9S N.33 015 0.05 0.04

4156 124318 3.06 d.08 0e29 - - - - atd
de20 Se24 163 0443 G.12 2. 006 Oe20 6453 2409 057 dsi0 Q09
t.01 0235 O.l2 0.05 0.03 1.07 0.37 0.13 0.03 0.08

1661 6008 190 0e52 0.25 - - e - .-
0,40 2431 0.0 0.31 Qe Oe 00 [ 2314 2692 tets . 080 Osls 0.08
0.5% D28 9.10 04,08 0.08 0+59 Q.28 0.11 0.08 0.04

902 3.80 tel6 0.43 Q.22 - - - - -
0.00 1.46 Q.62 0.25 0.10 S.06 Q.60 t.86 0480 0.32 0et3 0.09
0.43 0.20 0.09 0405 0.08 [ 2X 1) 0,22 o.11 0. 08 0.08

6. 38 2.7 105 0.37 0.20 - - - - il
0.80 1499 Je09 Je21 0.09 0.06 0«80 1e82 V.68 0.28 033 009
0s 39 Oet9’ O.10 0.0% Oe0a Oss3 Qe 2t Ot 0. 07 0400
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p =070
L=0.30

INTERVAL= 0,10 YR INTERVAL= 0,25 YR

M\F et O 0. 20 221 6.80 te20 » \F o¢l0 0+20 Ve 40 0.80 1e20
78.73 18.41 3.67 0.70 0.27 83,02 19.42 3.R8 OsTe 0.29
[T 4 14. 74 3463 0,80 Q.19 0.09 0. 10 14,93 3.68 0.82 019 0,09
459 T 1.2a 033 0.10 0. 036 4.061 1.25 033 0s10 0. 006
36.82 10.90 2.68 0.59 Q.25 38.n% 131 2.84 0.63° Os 26
0.20 Te27 2.27 0.62 Qet?7 0.08 0.20 7. 36 2.30 0.63 017 0.09
2.49 - Q.85 0u27 %.10 Fe 06 . 2450 0.86 0.28 Je 10 0. 06
14,69 5437 1.67 0,406 L. 0e21 1551 367 Le77 L 04y %.22
Qs a0 3. 22 1:2e Vea3 Oetls Q.08 0.40 3. 26 1.26 V.43 04186 004
1.32 0.5%5 0.22 3009 0«00 133 0.5% 0.22 0409 0.06
8. 3% 3435 1.19 0.37 0.158 8.78 3458 126 - 0e40 0.20
0e00 2,02 0. 86 0,34 013 0.08 0e¢60 2.0% 0.087 TedA Oel3 0.08
3.97 .48 0e20 0.99 Jdeve 0.v8 OeaS 020 0e 09 G008
3,58 2438 0.92 0.32 | 0.7 S 90 2452 0.97 030 0.18
0.30 te50 0e67 029 Del2 0.07 0.80 1. 53 V69 Ve29 Qel2 0.08
.83 Q.40 d.19 0.09 0.6 [P L} Je43 Cat9 Oe 09 O.006

N
INTERVAL= 0,50 YR INTERVAL=* 1400 YR

M \F deld 0.20 O.40 Je B0 1.20 M\ F JelO 9.20 0.40 0.80 1.20

103.27 28.19 LXY-1) 0.93 0.37 - - - - —
0.30 15.66 3.07 0+.86 0.20 0.10 Oet0 19.%4¢ LY. 1:82 0. 27 0.1
LYY-1 ] le27 0«38 o.11 Q.07 499 137 Q37 0,13 0.08

485,39 14.33% 3455 0.80 0v38 - - - - -
0s20 .| Te74 2e42 0e 68 O.i8 0409 De22 P72 3.06 0.86 0o 25 Oel s
2458 VA7 0.28 0.10 0,07 272 095 LX) Oel2 Q.00

19438 7.10 2.23 0202 029 - - - - -
040 Jers 133 0. 08 Oe16 0.09 0.80 4,39 a7t 0.6t 022 013
1308 D87 0.23 0.10 Q.07 1.48 Q.63 026 del2 0.09

406 159 05t 0.26 -- - - - -
04,60 2407 0e92 0437 0.34 009 0.6 2,083 t.22 Ge89 Oe 20 0.13
.01 046 0.2t 0l B.07 el V.52 Oe28 013 0.10

T80 3ol 1.26 O.44 0,23 - - - - -
0.80 1e63 0.73 0.31 0e13 0.09 D82 217 0.99 V.88 0« 20 Cal 4
0.47 0.42 0.20 0.0 0.07 1.00 089 0.26 0.13 0.t
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INTERVAL® 0410 YR INTERVAL= 0425 YR
M\F 0.t10 0.20 0.0 0.80 1.20 m\F .10 2.20 O.e0 2.00 1.20
120. 09 28.11 S.01 1.07 0.42 126051 29.63 5.93 113 0.45
0.10 38.40 9.36 2.08 0.46 0.21 0.10 38.75 9.83 2.09 0.47 c.22 §
23.96 6.20 1o49 0.38 0.ty 24021 627 1.51 - 0.39 0e19
56021 16.65 L% §Y 0491 0.38 59.27 17.87 .34 0.97 0,01
0.20 18.72 5.84 Les7 0.41 9.20 020 19435 5.92 te60 0en2 Q.21
12,50 4.04 t.18 0.35 0.t8 12,59 a.09 r.20 0.J6 0e19
22,45 8428 2.56 0.70 0.32 23.72 8.68 2.72 0.75 0.35
Q.40 3«20 3ot d 1.07 O 38 Q.18 0.0 B.37 J.21 §{.09 P35 Bal9
5.95 2.37 0.86 0.30 0.17 6408 2.40 0.88 0431 .17
12,71 5.13 1.82 deS7 0.23 13.45 .43 1.93 T 0.30
0.60 S.08 2418 0«82 0«30 Q.17 0+60 5.19 219 0.84 Oe31 0.17
3.96 1.72 0.70 0.27 Q.10 - 4. 03 1.78 0.7 0.28 0.7
8.53 1.6 1,40 0.48 0.25 9.05 3.8r 1e49 0.52 027
0.80 3.7 1.65 0.68 0,27 0.16 3.80 3.80 1.69 0.70 0.28 0e.17
3.06 1.39 0.60 0.25 el 3.13 1.43 0.02 0.26 0.16
-
ENTERVAL= 0.50 YR INTERVAL= 1,00 YR .
M OA\F O.10 0. 20 0.80 V.80 1290 M \F Q.0 0+ 20 0. 40 0.80 1.20
157484 37.01 T.46 1.45 0.88 - - - - --
0.10 41,35 10.20 2.26 0.52 0.25 0s10 57. 85 14451 3.33 [ RY-TH O.4s
25.20 6.56 1.59 0.42 0.22 30.59 8.3 2.07 0.61 04 35
74.31 22.03 5.48 L te2s4 0.53 - - - - -
0.20 20. 61 .37 174 0,87 0.23 0.20 29.03 922 2.02 077 0.4
13.12 s.30 1.28 0.39 0.21 16.27 5.45 1.70 6e57 0.35
29.84 10.97 3.46 0.97 0.46 -- -- - - -
0. 40 9. 04 3.08 1.20 040 0e22 0.40 13,36 5.23 1.88 0.08 Oea2
6.38 2.58 0.94 0,34 0,20 8.28 3.40 1.32 0.54 04306
17.07 6.92 2.49 0.80 0.41 - Toe- -~ - --
9.60 5. 66 2.40 0.94 9.35 0.21 0.60 8. 69 3.76 158 [ 1YY 0.2
a3 1.88 %.78 0.31 Oul9 S.00 2.64 1418 0.83 0.37
1.59 4.97 1.94 0.69 0.38 - -- - - b
0.80 419 t.8s 6.79 0.33 0.20 0.80 6.72 3.08 1.37 0.63 O.0s
3.39 155" .68 0.30 0e19 4.88 2.30 1.08 0. 53 0439
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p =0.50
L =0.00

INTERVAL= 0410 YR

INTERVAL® 0.25 VR

»\F Oeto 0.20 0. 40 0.80 1.20 M \F 0.10 %420 0. @0 0.80 t.20
197,20 25.%6 4.99 0. 94 0.37 . t13.22 26486 s5.27 1.00 0.39
10.10 1471 3.62 0.40 0.19 0.09 0.0 14,91 3.67 0.81 0.19 0409
2.28 0.61 0.7 0.06 0.08 2.26 0.62 Oet? 0406 3.04
50411 14.82 3.65 0. 81 0. 38 52493 15.66 3.85 0.85 0.30
0.20 7.28 225 0.6l 0.17 0.09 0420 7. 34 2429 0.62 0el7 0.09
1.23 0.42 0.4 0.06 0.04 1.23 0.43 Oeta 0. 06 0.08
19.96 7.29 2.27 0.62 2.29 21.10 Te?4 2.40 0.66 0.30
0.40 3.20 t.23 043 0.1a 0.08 0.40 3.24 1.25 0s43 ‘Gots 0.08
0.67 0.29 .12 0406 ‘0.08 0sb7 0429 0at2 0406 0.05
11.28 a.5e 161 0.51 0.25 11.93 LRTT 1.7 0.54 0.27
0.60 2.01 0.85 0.3a 0.13 0.08 0. 60 2. 04 o+ 86 0.34 0.13 0.8
0.52 0.24 0.12 0.06 0.08 0.52 0.24 .12 .96 0.05
7.56 3.22 1.24 0. 43 0.23 a.00 3.41 132 O.406 0.24
0.80 150 0.67 0.29 0.12 0.08 0.80 1.52 0.68 0.29 0.3 0.08
0.47 0.23 0.12 o.07 0405 0.48 0423 0.12 2.07 0.05
INTERVAL® 0.50 YR INTERVAL= 1.00 YR

u\F 0410 0.20 0.40 0.80 te20 " \F 0.t0 0.20 T 0.40 0.80 1.20

181458 33,118 6.61 te26 0.50 - - -- - -
0.10 15.606 3.85 0.88 0.20 010 0.0 19.61 4.93 1.08 0. 26 0413
2429 0.62 0et? 0406 [ 1Y 2.40 0466 o.t8 0.06 0.0%

66.22 19.61 4.83 1.08 [ 1YY - - - - -
0.20 7.7 2.%0 9.66 0.18 0.09 0.20 9.67 3.02 0.83 0,23 0013
1e28 2.03 Y 0.06 0.04 132 0446 O.t5 0,07 0.0%

26403 9.67 3.02 0.83 0439 - - - - -
0.40 3.41 te32 0. 86 [T Y 0.09 0.40 .31 te6? 0.58 0.23 012
0.68 0.29 0.3 0.06 0.0% 0.72 0431 0.13 0.07 0.06

1498 6.0 2.15 0.68 0.38 - - - - -
.60 2.15 0.91 0.36 [T 0.09 0.60 2.74 Lel? 0.47 0.19 0013
053 0.28 0.12 0.07 0.05 0e57 0.27 0.13 0.08 0.06

10.08 a3t 1.67 9,58 0.31 - - - - -
0.80 1.61 0.72 0.3% 0e13’ 0.09 0.80 2.07 0e94 (YY) 0419 0413
0.49 0.24° 0.12 0.07 0.06 0.53 0.26 0.14 0409 0.07




Appendix B.--Continued.

38

INTERVAL= 0.10 YR INYERVAL= 0428 YR

M \F 0.1 0 0.20 0.40 D.80 1.20 M \F 0e10 0.20 Ge 40 0.80 t.20
119,04 27.83 5.55 105 0.41 125.7a 29. 41 Se 88 1elt [P 11
010 18.29 4.50 1.00 0.23 Oell 0«10 18.54 4.57 1.01 D.26 0.4
3. 58 0.97 0.27 Q.09 G006 3.58 0.98 Ge27 0.09 0,06
55466 16.47 4,05 0.90 0.38 38,81 17441 4,29 0. 95 0+ 40
0s20 P.01 2.81 V.77 0.2} 0ol 0.20 Dot 2.85 078 0,21 TR R}
1. 95 O.67 0.23 0.09 Ged0L 1s96 0,68 0,23 0.079 0.06
22.19 Bell 24953 069 0.32 23446 8.58 2.68 Ge 73 0+ 34
Ded0 3.99 ta58 0453 de18 0«10 080 4.05 156 Je54 0.18 Ol
1. 06 0,85 0,19 0.09 V.06 107 Q.48 V.19 C.09 C.07
12.558 5.06 1.79 0.56 0.28 13.28 5435 1.90 0. 60 0.30
Je60 2:51 L+06 0.e2 Oel6 0.10 0.60 2455 1.08 0‘.‘] 0.16 0410
0. 82 0.38 0.18 0409 0.07 D.82 0.38 0.18 0.09 0e07
8402 3.59 1.38 0.48 0.25 B8.91 3.82 147 0. 518 0.27
080 l.87 Qe 0e36 0.15 0.10 2.80 1e90 085 037 0.l 0,10
0.73 036 O.18 Ost0 0.07 0. 74 0.36 0.18 %10 0.07

INTERVAL= 0.50 YR INTERVAL= 1.00 YR

M \F 0.10 0.20 O.80 Ce. 80 1.20 M \F Oeld .20 ‘0,40 0.80 1.20

157.34 36.83 7436 141 0+ 56 - haded - - b
0.10 19. 69 4.80 L.07 0.25 Qe 2 Q.10 24448 6. 06 136 033 Q.17
Je 62 099 Oe27 0409 0.06 3.83 1.0% 0.29 0.10 0.07

73.65 21 .83 5.39 t.20 0.51 - — - - -
Q.20 961 3.00 0.82 0.23 Oel2 0e20 V211 3.80 1.08 O.30 Gel 6
1.99 0.69 0.23 0.09 0. 06 2411 V73 0.2% 0.10 0.08

29.45 10.78 3.38 Q.93 Vea - - - - -
OO 27 1465 D57 019 Oelt 0.40 Se. 43 26141 0. 74 0e26 0.10
t.09 086 020 0. 09 007 1.16 V30 0.2t 0.8, 0, 08

16.72 67 2441 .77 0.39 . - - —-— - -
0,60 2469 1e19 CedS Q.18 011 0«60 3ea7 149 0.60 0.23 0.16
0.84 0.39 019 O.10 [ 1N} 4 [ R 0eb3 0«21 Q.12 Oet0

t1.27 4.82 1.87 0.06 0.35 - - — - -
0.80 2.02 09l 0.39 0.17 Oell 080 24 68 120 053 0e28 el 7
0.76 0237 0.l9 0410 d.08 FYS 0.42 0.22 0.13 0.1
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p =0.50

INTERVAL® 0,10 YR INTERVALS 0.25 YR

M \F 212 0.20 0+ 480 2.80 120 N \F Jel0 Q.20 0.40 0.80 1.20
149.57 34 .99 6.98 1.33 0.52 £58.11 3t.0t 739 [P} 056
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APPENDIX C
Proportion of fish iﬁitially released with two tags which are recaptured

with at least one tag remaining during experiments of 1-yr (upper figures),
2-yr (middle figures), or 4-yr duration (lower figures).
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Appendix C.--Continued.
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